Clinical observations suggest that the nervous and immune systems are closely related. For example, inflammatory skin disorders; such as psoriasis, atopic dermatitis, rosacea and acne; are widely believed to be exacerbated by stress. A growing body of research now suggests that neuropeptides and neurotransmitters serve as a link between these two systems. Neuropeptides and neurotransmitters are released by nerves innervating the skin to influence important actors of the immune system, such as Langerhans cells and mast cells, which are located within close anatomic proximity. Catecholamines and other sympathetic transmitters that are released in response to activation of the sympathetic nervous system are also able to reach the skin and affect immune cells. Neuropeptides appear to direct the outcome of Langerhans cell antigen presentation with regard to the subtypes of Th cells generated and neuropeptides induce the degranulation of mast cells, among other effects. Additionally, endothelial cells, which release many inflammatory mediators and express cell surface molecules that allow leukocytes to exit the bloodstream, appear to be regulated by certain neuropeptides and transmitters. This review focuses on the evidence that products of nerves have important regulatory activities on antigen presentation, mast cell function and endothelial cell biology. These activities are highly likely to have clinical and therapeutic relevance.
Introduction
Anecdotal evidence has long suggested that the nervous and immune systems are closely related. Many inflammatory diseases, such as atopic dermatitis, psoriasis, acne and rosacea, are believed to be aggravated in response to stress (Fortune et al., 2005; Misery, 2011; Khansari et al., 1990; Sirinek and O'Dorisio, 1991) . Furthermore, there is substantial evidence that nerves play a key role in the pathogenesis of psoriasis, discussed below (Dewing, 1971; Raychaudhuri and Farber, 1993; Perlman, 1972) . These observations are now supported by a growing body of research indicating a key role for neuropeptides and neurotransmitters in influencing cutaneous immunity.
Neuropeptide transmitters such as vasoactive intestinal polypeptide (VIP), pituitary adenylate cyclase-activating peptide (PA-CAP), calcitonin gene-related peptide (CGRP) and substance P (SP), can be released by sensory nerves, specifically unmyelinated afferent C-fibers (Fernandes et al., 2009; Zhang et al., 1995; Nolano et al., 2012) . This type of fiber innervates the skin (Schmelz, 2011) . Important actors of the immune system, including Langerhans cells (LCs) (dendritic antigen presenting cells that reside in the epidermis) and mast cells, have been found to be anatomically associated with these nerves, making them likely targets for secreted nerve products (Hosoi et al., 1993; Forsythe and Bienenstock, 2012) . Indeed, it has been shown that neuropeptides and adrenergic transmitters modulate LC and mast cell function (Hosoi et al., 1993; Forsythe and Bienenstock, 2012; Seiffert et al., 2002; Ding et al., 2012; Kodali et al., 2003 Kodali et al., , 2004 . Additionally, dermal blood and, probably, lymphatic vessels are associated with both sensory and sympathetic nerves (Coventry and Walsh, 2003; Dalsgaard et al., 1983 Dalsgaard et al., , 1984 Sacchi et al., 1994) . Endothelial cells (ECs) may be important in this regard. ECs serve key functions including regulation of hemostasis, vasomotor tone, barrier function, cell and nutrient trafficking and angiogenesis (Aird, 2003) . ECs can release many cytokines including interleukin (IL)-6, an important differentiation factor for Th17 cells (Swerlick and Lawley, 1993; Mantovani and Dejana, 1989) . Furthermore, ECs release a variety of chemoattractant molecules (Swerlick and Lawley, 1993; Mantovani and Dejana, 1989) and express cell surface molecules, including selectins, vascular cell adhesion molecule (VCAM)-1 and intercellular adhesion molecule (ICAM)-1 (Cid, 2002; Springer, 1994 ) that facilitate leukocyte extravasation. Recent data demonstrate that CGRP and the sympathetic co-transmitter adenosine triphosphate may have important regulatory activities on ECs (see below). This review will focus on the evidence that products of nerves have important regulatory activities on antigen presentation, mast
